The current standard chemotherapy for advanced biliary tract cancer (BTC) has limited benefit, and novel therapies need to be investigated.
Introduction
Biliary tract cancer (BTC) is a heterogeneous group of diseases, which consists of intrahepatic cholangiocarcinoma (iCCA), extrahepatic cholangiocarcinoma (eCCA), and gallbladder cancer (GBCA) [1] . The incidence of BTC is rare in the United States and Europe, but the prevalence is higher in Asia and Latin America [2, 3] . Complete surgical resection, which is the only curative treatment, is available for only a minority of patients and is hindered by a low overall 5-year survival rate and high rate of tumor recurrence [1, 4] . For patients with advanced BTC, the phase III ABC-02 and ABC-06 trials showed the clinical efficacy of gemcitabine plus cisplatin (GemCis) and oxaliplatin plus fluoropyrimidine (mFOLFOX) as first-line therapy and second-line therapy, respectively [5, 6] . However, the survival outcomes remain dismal with a median overall survival of <1 year, and none of the targeted agents have been approved for treatment of BTC [7] [8] [9] .
Pembrolizumab is an anti-programmed death 1 (PD-1) antibody, which has shown antitumor activity in various types of cancers, including non-small-cell lung cancer, melanoma, gastric cancer, and urothelial cancer [10] [11] [12] [13] . Tumor PD-L1 expression emerged as a potential biomarker of response to pembrolizumab in several types of tumors [13] [14] [15] , and cancer patients with mismatch repair (MMR) deficiency are sensitive to immune checkpoint blockade, regardless of tumor origin [16, 17] . In patients with BTC, tumor PD-L1 expression and MMR deficiency have been reported, indicating that pembrolizumab may be potentially effective in the treatment of BTC [18] [19] [20] [21] .
Although pembrolizumab has shown modest efficacy in patients with advanced PD-L1positive BTC in prior single-arm phase I/II KEYNOTE-028 and -158 studies [22] , more data are needed to evaluate the clinical outcomes of pembrolizumab in unresectable or metastatic BTC, considering the heterogeneity of the disease. In this prospective cohort study, we analyzed 4 Korean Cancer Association This article is protected by copyright. All rights reserved. the efficacy and safety of pembrolizumab in patients with advanced BTC after progression on first-line GemCis.
Materials and Methods

Patients
This study is a single-center, prospective cohort study aimed to evaluate the efficacy, safety, and biomarker of pembrolizumab in patients with advanced BTC including iCCA, eCCA, and GBCA (ClinicalTrials.gov identifier, NCT03695952). Patients with histologically or cytologically confirmed unresectable or metastatic BTC who radiologically progressed after receiving first-line GemCis were eligible for enrolment if they had PD-L1-positive tumors (PD-L1 ≥1% of tumor cells graded by local pathologists), aged ≥19 years, and provided a written informed consent for the collection of data on baseline characteristics and clinical outcomes.
Biomarker analysis using blood and tumor tissues was also required for the enrolment.
Histopathological analysis
All histologic data including PD-L1 and MMR status were centrally reviewed after enrolment to this study by an academic pathologist. The administration of pembrolizumab was not affected by the results of this central review of PD-L1 and MMR status. PD-L1 expression was assessed by conducting an immunohistochemistry of archived tumor tissues with PD-L1 IHC SP263 (Ventana Benchmark Ultra, Tuscon, AZ) or 22C3 pharmDx kit (Agilent Technologies; Santa Clara, CA). The tumor cells were considered PD-L1-positive if the viable tumor cells exhibited any perceptable, partial or complete, linear cell membrane staining. The immune cells were considered PD-L1-positive if the cells displayed any membranous or cytoplasmic PD-L1 staining [23] . Tumor proportion score (TPS) was defined as the percentage Korean Cancer Association This article is protected by copyright. All rights reserved.
of viable tumor cells that showed partial or complete membrane staining of PD-L1 relative to all viable tumor cells present in the sample [24] . Combined positive score (CPS) was defined as the number of PD-L1-positive cells (tumor cells, lymphocytes, and macrophages) divided by the total number of viable tumor cells and multiplied by 100 [25] . Antibodies specific for MMR proteins included MLH1 (clone G168-15, dilution 1:100; BD Pharmingen, San Jose, CA), MSH2 (clone FE11, dilution 1:100; Calbiochem, San Diego, CA), MSH6 (1:100; clone EP49; Novus Biologicals, Centennial CO), and PMS2 (1.50; clone A16-4; BD Pharmingen).
Treatment and assessment
All patients received 200 mg pembrolizumab intravenously every 3 weeks, on day 1 of allowed if there was potential clinical benefit. Pembrolizumab dose reductions were not allowed.
Statistical analysis
PFS was defined as the time from the initiation of pembrolizumab until the date of documented disease progression or death from any cause, whichever occurred first. OS was defined as the time from the initiation of pembrolizumab to death from any cause. Survival probabilities were estimated using the Kaplan-Meier method and compared using the log-rank test. The safety analysis included all patients who visited the clinic at least once after the initiation of treatment.
Toxicity was evaluated based on the National Cancer Institute Common Terminology Criteria 6 Korean Cancer Association This article is protected by copyright. All rights reserved.
for Adverse Events version 4.03. A p value of <0.05 was considered significant. SPSS version 23.0 (IBM Corp., Armonk, NY) was used for statistical analyses.
Ethical statement
The study was approved by the Institutional Review Board of Asan Medical Center (2018-0257). All patients provided a written informed consent, and the study was conducted in accordance with the Declaration of Helsinki.
Results
Patient characteristics
Between May 2018 and February 2019, 40 patients were enrolled in this study. Baseline patient characteristics are summarized in Table 1 . The median age was 61 years (range, 41-76), and 23 (57.5%) patients were men. iCCA was the most common type (n=20, 50%), followed by GBCA (n=12, 30%), and eCCA (n=8, 20%). Lymph nodes (n=30, 75%) and liver (n=23, 57.5%) were the most frequent metastatic sites. At the time of pembrolizumab administration, most patients had metastatic disease (n=38, 95%). More than half of the patients had an Eastern Cooperative Oncology Group performance status of 0-1 (n=21, 52.5%).
Pembrolizumab was administered as second-, third-, and fourth line therapy or more in 19 (47.5%), 16 (40%), and 5 (12.5%) patients, respectively. All patients received GemCis as first-line systemic therapy; the median time to progression of the first-line GemCis was 5.9 months (95% CI, 4.1-7.8).
Treatment and clinical outcomes
Median three cycles (range, 1-12) of pembrolizumab were administered, and disease progression was the most common cause of treatment discontinuation (n=31, 77.5%). The waterfall plot for the maximal change of the target lesions among patients with measurable disease (n=38, 95%) is presented in Figure 1 . Per RECIST v1.1, 39 (97.5%) patients were assessable for response. None of the patients exhibited complete response, while four achieved partial response (PR), with an objective response rate (ORR) of 10% (Table 2) . Among patients with PD as best response, one (1/20, 5%) with eCCA as primary tumor achieved complete response (CR) subsequently (i.e., pseudoprogression) with the use of pembrolizumab beyond initial PD (Fig. 2 ). According to imRECIST, ORR was 12.5% (5 of 40). The ORR per imRECIST according to primary tumor site were 5% (1 of 20 patients), 25% (2 of 8 patients), and 16.7% (2 of 12 patients) in patients with iCCA, eCCA, and GBCA, respectively. In patients with CR or PR per imRECIST, the median time to response was 2.1 months (95% CI, 0.4-3.9), and the median duration of response was 6.3 months (95% CI, not available). At the time of analysis, three of five patients who achieved CR or PR, including a patient with pseudoprogression, continued receiving pembrolizumab (5.1+ to 9.6+ months).
With a median follow-up of 9.6 months (95% CI, 4.5-14.6) in surviving patients, the median PFS was 1.5 months (95% CI, 0.0-3.0) per RECIST v1.1 and 2.5 months (95% CI, 1.6-3.4) per imRECIST ( Table 2 and Fig. 3 ). The median OS was 4.3 months (95% CI, 3.5-5.1).
The 6-month PFS rates per RECIST v1.1, and imRECIST were 13.1% (95% CI, 1.5-24.7%) and 14.5% (95% CI, 2.0-27.0%), respectively, and 6-month OS rates were and 27.5% (95% CI, 12.0-43.0%).
There were significant differences in PFS and OS according to the objective response per imRECIST (p < 0.001 and p = 0.001, respectively; Fig. 4 ). According to imRECIST, the median PFS and OS were 8.4 months (95% CI, not available) and 9.5 months (95% CI, not available), respectively, in patients with CR or PR; 2.9 months (95% CI, 1.1-4.7) and 4.6 months (95% CI, 3.7-5.5), respectively, in those with SD; and 1.0 months (95% CI, 0.5-1.
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This article is protected by copyright. All rights reserved. and 2.1 months (95% CI, 1.2-2.9), respectively, in those with PD. In patients with CR or PR, SD, and PD, the 6-month PFS rates were 80% (95% CI, 44.9-100%), 11.1% (95% CI, 0.0-25.6%), and 0% (95% CI, 0.0-0.0%), respectively, while the 6-month OS rates were 100% (95% CI, not available), 32.4% (95% CI, 10.3-54.5%), and 0% (95% CI, 0.0-0.0%), respectively.
PFS per imRECIST and OS did not differ according to histologic type (adenocarcinoma vs others), primary tumor site (iCCA vs eCCA vs GBCA), CA 19-9 level (elevated vs normal), and number of prior systemic chemotherapy (1 vs ≥ 2) (p > 0.05 for all).
Correlative biomarker analysis
Although this study included patients who had tumor PD-L1 expression ≥1% by local The MMR status of 33 patients (82.5%) were assessable, while seven patients lacked archival tissues for further immunohistochemical staining of MMR proteins. Among these patients, none showed MMR deficiency; therefore, correlative analysis between MMR status and the efficacy of pembrolizumab could not be performed. 
Adverse events
Discussion
In this study, pembrolizumab showed a modest anti-tumor activity and manageable AEs in heavily pretreated patients with advanced BTC. None of the patients treated with pembrolizumab developed new AEs, and response was durable for patients who achieved objective response.
In this prospective cohort study including 40 BTC patients with 77.5% of PD-L1- KEYNOTE-028 study of 24 patients with PD-L1-positive advanced BTC showed an ORR of 13% per RECIST v1.1 and median PFS and OS of 1.8 months and 5.7 months, respectively [22] . The KEYNOTE-158 study of 104 patients with 58.7% PD-L1 positive rates showed an ORR of 5.8% per RECIST v1.1 and median PFS and OS of 2.0 months and 7.4 months, respectively [22] . In a recent Japanese phase 1 study of another anti-PD-1 inhibitor nivolumab, which included 30 patients with PD-L1 positive rates of 18%, also showed consistent efficacy outcomes, with ORR of 3.3% per RECIST v1.1 and median PFS and OS of 1.4 months and 5.2 months, respectively [26] .
The discrepancies in efficacy outcomes among the studies that investigated the efficacy of anti-PD-1 antibody in advanced BTC may be mainly attributable to the differences in baseline patient characteristics considering that BTC is an extremely heterogeneous disease.
Although the role of PD-L1 expression as a predictive biomarker in advanced BTC patients treated with PD-1 inhibitor remains unclear, the discrepancies in the proportion of patients with PD-L1 among the studies may have an impact on the efficacy outcomes. The ORRs per RECIST v1.1 were higher in KEYNOTE-028 and our current studies of pembrolizumab (13% and 10%, respectively). The PD-L1 positive rates of patients included in these studies were 100% and 77.5%, respectively, while those in KEYNOTE-158 study of pembrolizumab (ORR 5.8%) and
Japanese phase 1 study of nivolumab (ORR 3.3%) were 58.7% and 17.8%, respectively. ORR was higher in PD-L1-positive patients (6.6% vs. 2.9%) in the KEYNOTE-158 study [22] . In the Japanese phase 1 study of nivolumab, PD-L1-positive patients had longer median PFS (2.8 vs. 1.4 months) and OS (11.6 vs. 5.2 months) than PD-L1-negative patients [26] . Our analysis also showed an increase in ORR and PFS per imRECIST in higher cut-offs of TPS. However, these findings were based on the preliminary studies with relatively small sample size. Hence, further analyses using large randomised clinical trials are needed to determine the implication Korean Cancer Association This article is protected by copyright. All rights reserved.
of tumor PD-L1 status in BTC patients treated with anti-PD-1 inhibitors.
Cancer patients with MMR deficiency are associated with somatic hypermutation and neoepitope formation leading to microsatellite instability (MSI) [27] , and PD-1 blockades showed 40%-50% of ORR in patients with solid cancers harboring deficient MMR after progression on conventional therapies [16, 17] . As the frequency of MMR deficiency or MSIhigh in BTC was reported to be 2%-10% [18] [19] [20] , these can be a relevant biomarker for the use of PD-1 blockades in BTC patients. In the current study, MMR status was assessed by immunohistochemistry (IHC) [28] . However, none of the patients showed MMR deficiency in our study, and this result is in line with those of KEYNOTE-028 and KEYNOTE-158 studies, which reported that only 1 (0.8%) of 128 patients had MSI-H [22] .
In previous studies that adopted pembrolizumab as a salvage therapy for pretreated BTC patients including ours, pembrolizumab showed a modest efficacy with ORR of 6%-13%, median PFS of 1.5-2.0 months, and median OS of 4.3-7.3 months. Fluoropyrimidine-based chemotherapy showed median PFS of 1.9 months and OS of 6.5 months in a previous retrospective analysis [29] , while mFOLFOX showed median PFS and OS of 4.0 and 6.2 months, respectively; in a recent randomized phase 3 ABC-06 trial after progression on first- There are several caveats in our study. Although our study prospectively evaluated the safety and efficacy of pembrolizumab, this was conducted at a single center. Our patient population is heterogeneous, and many of them previously received a variety of treatments.
Additionally, the sample size was not enough to conduct a statistically robust analysis for a correlative study.
In conclusion, pembrolizumab showed a modest efficacy in heavily pretreated PD-L1positive BTC patients. Pembrolizumab was well tolerated, and no new AEs occurred in these fragile patient population. Future studies for improving anti-PD-1 inhibitors and finding biomarkers in BTC patients are warranted.
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